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Ptriodic  Precipilalion 
By  Miss  A.  W.  Fosteii,  M.A. 
Univereity  of  Toronto 
Presented  by  Prokessor  E.  F.  Burton,  Ph.D..  F.R.S.C. 
(RMd  May  Meeting,  1«18.) 

One  of  the  most  interesting  physical  properties  of  colloidal  p  .rti- 
cles  in  hydrowJs  (aqueous  colloidal  solutions)  is  the  possession  of  an 
electrical  charge.  When  an  cmulsoid  such  as  gelatine  is  added  to  the 
hydrosol  the  particles  still  retain  their  peculiar  charges,  as  is  shown 
by  their  motion  in  an  electric  field.  On  addition  of  electrolytes  to  the 
hvdrosol  (without  added  gebtine).  the  charge  on  the  particles  is 
lesscnetl  and  coagulation  of  the  particles  takes  place.  This  discharge 
of  the  particles  is  thought  to  be  due  to  the  absorption  by  the  charged 
colloidal  particles  of  the  added  ions,  which  bear  a  charge  oppoMte  in 
sign  to  that  on  the  colloidal  particle. 

The  purpose  in  undertaking  the  experiments  detailed  herewith 
was  to  find  whether  colloidal  particles  in  a  matrix  of  solid  gelatine 
still  absorbed  ions  in  the  same  way.  The  phenomenon  of  l.ieaegang 
rings  was  chosen  in  order  to  demonstrate  the  results. 

The  Liesegang  phenomenon  is  the  name  given  to  periodic  precipi- 
tates in  some  sort  of  gel  produced  by  the  diffusion  of  some  reagent 
placed  upon  the  gel.  The  first  mention  of  the  phenomenon  has  been 
attributed  to  Runge  and  also  to  Boehm,  but  it  is  due  to  Liesegang 
that  the  subject  has  come  into  prominence.  Chemical  precipitates  of 
many  different  substances  possessing  a  certain  periodicity  have  been 
obtained  by  the  diffusion  of  different  reagents  in  geb  containing 
various  solutes. 

In  the  present  experiments  the  Liesegang  rings  were  formed  by 
the  action  of  silver  nitrate  on  a  thin  sheet  of  solid  gelatine,  which 
has  been  impregnated  with  a  small  quantity  of  potassium  chromate. 
To  a  4%  gelatine  solution  was  added  potassium  chromate  to  make  up 
1/200  gram  molecular  weight  per  litre.  Two  ccs.  of  this  solution 
was  poured  on  a  glass  plate  (3^"  x  A}4")  kept  pcrfecUy  level  and 
after  the  gel  had  set,  that  i*  at  the  expiration  of  an  hour  or  more,  a 
drop  of  10  gram  molecular  ./eight  per  litre  of  silver  nitrate  solution 
was  dropped  on  the  centre  of  the  gelatine  film.    The  resulting  ring 
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formation  in  .hnwn  in  Fir.  ».  »-ith  nuiKnification  IH  »!«"«..  and  in 

Fiu.  n  (maK.  25).  .  u,».ii» 

riu-  oil.ii.lal  ...Union  clioiH.n  for  thc«.-  fX|KnnM-nts  wa..  a  BretiiR 
roniHT  hyln»-.l  f-rm..!  I.y  malcing  an  arc  undtr  pun-  water  with  two 
... ,  .r  wk.  in  «.TicH  will,  u  re.i.tance  in  a  110  volt  c.rcu.t.  Ah  .hc«. 
ronxr  partirli-s  U-ar  a  p..*itivc  charge  they  would  almorb  from  a 
w.lution  of  ,H,ta.Mum  chromate  M.me  of  the  chromate  (negatively 

charui'il)  >"««■  .  .l„, 

Anv  theor>-  explanatory  of  the  Licscgang  nng*  prwuppoi**  that 
,he  ,x.ta.Hium  chromate  i*  originally  equally  distributed  through  the 
uelatine.  The  addition  of  copper  colloidal  dilution  to  the  g.latine 
containing  .ra.v«  of  ,H..a.Mun,  chn.mate  would  alter  •»>«  «>ntmu.ty 
of  thi.  .Ii.tril.uti..n.  if  the  c.pper  particles  Mrongly  al>»orb  the  chromate 
ions.     One  woul.1  expect  under  the«c   circumstances  that  the  rmgs 

would  not  form.  ,  ^  ^^ 

Gelatine  «)lution8  w<  re  made  up  similar  to  those  used  to  produce 
the  rings  shown  in  Figs.  I  and  II.  with  the  exception  that  a  quantity 
of  copper  colloi.lal  solution  was  useil  in  place  of  water.  f  the  gelatine 
solution  was  pouted  out  as  soon  as  the  copper  colloidal  solution  was 
a.lded.  concentric  rings  like  those  shown  in  Figs.  I  and  II  were  pro- 
duced in  films  made  from  both  these  preparations,  but  if  the  films  were 
made  several  hours  after. the  addition  of  the  colloidal  copper,  the 
precipitate  was  in  the  form  of  microscopic  quantities  scattered  over  the 
plate  around  the  central  portion,  some  being  gathered  into  piles  so 
that  the  whole  area  presented  a  blotchy  appearance  under  the  low 
power  microscope.     (Fig.  III.)  i.^,„^ 

It  is  evident  from  these  results  that  the  positively  charged 
copper  particles,  as  would  be  expected,  do  combine  with  the  negative  y 
charged  chromate  ions.  f<.r  the  nature  of  the  precipitate  is  entirely 
changed  when  they  arc  present.  These  results  would  also  indicate 
that  a  certain  interval  of  time  is  necessary  for  the  diffusion  of  the 
copper  particles  thiough  the  gelatine  solution  and  the  formation  of 
the  copper-chromate  aggregates. 

The  same  idea  was  carried  out  with  agar  solutions.  The  agar  was 
prepared  by  washing  and  boiling  and  straining,  and  the  solutions  were 
made  up  as  were  those  containing  gelatine.  The  phenomena  ob- 
served  are  shown  by  micrographs.  Fig.  IV  shows  the  outer  boun- 
dary of  the  precipitates  formed  by  the  diffusion  of  a  drop  of  a  solution 
of  ten  gram  molecular  weight  of  silver  nitrate  per  litre  in  a  1%  agar 
solution  containing  one  one-hundredth  gram  molecular  weight 
potassium  chromate  per  litre,  and  Fig.  V  shows  the  formation  when 
copper  colloidal  particles  are  present  in  the  same  chromate- 
bearing  agar  solution.    Some  films  containing  only  chromate  showed 
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ii  sliRht  border,  hut  the  corres.  iiding  film*  containing  copper  gave  a 
much  more  markcti  effect.  It  nay  »*  that  the  agar  wjlution  rcachct, 
«,n  account  of  it»  incream-d  rate  of  doUdifyinR.  a  utaic  in  which  further 
diffusion  i»  prevented  more  quickly  than  the  iiimpk;  f^  .»mate  agar 
Bohiiion,  thus  causing  a  concentration  of  the  silver  chn.mate  precipi- 
tate at  the  diffusion  lioundary.  It  would  appear  that  the  protective 
action  of  the  agar  on  tlu  chromate  i*  such  that  the  presence  of  the 
positively  charged  ropper  particle  dues  not  change  the  character  of 
the  precipitate  as  it  does  in  the  gelatine. 


References:  Lietegang:  Zs.  phyt.  chem,  88, 1914. 
Ostwstd:  Zm.  phys.  chem.  32, 1897. 
Morse  and  Pierce:  Zs.  phys.  chem.  45,  1903. 

StansfieM:  "Retarded  Diffusion  and  PJiythmic  Predpiution,"  Am.  Jour.  Sti., 
Vol.  XLIII,  Jan.  1917,  pp.  1-26. 
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Finure  i.     Precipitate  formed  in  gelatine  which  had  iK-en 
imprcgnatc<l  with  Copper  colloiilal  soUition. 
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iMKure  4.     I'mipilatf  (orimd  liy  kuiic  ihcinirals  as  alovt-  in  aKar-aijar. 


Figure  5.     Same  as  figure  4  except  that  the  agar-agar  had  been 
impregnated  with  cop|)er  colloidal  solution. 
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